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Epoxying A Top Cover, A Top Metal, A Core, A Bottom Metal, 1109
And A Bottom Cover To Create An Array Of Flex Circuits

Attaching Heat Sink Stiffeners To Each Of The 1104
Flex Circuits In The Array Of Flex Circuits

Electrically Coupling Active Optical Component Subassemblies 1106
To Each Of The Flex Circuit In The Array Of Flex Circuits

Mounting Optical Ports To Each Of The Flex Circuit In
The Array Of Flex Circuits Such That The Active Optical 1106

Component Subassemblies Are Positioned Within A
Barrel Cavity Defined By The Optical Ports.
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CHIP ON FLEX OPTICAL SUBASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application of U.S.

patent application Ser. No. 13/715,738 filed Dec. 14, 2012,
which claims the benefit of and prionty to U.S. Provisional
Application 61/570,578 filed on Dec. 14, 2011, both of

which are incorporated herein by reference 1n their entire-
ties.

BACKGROUND

Field of the Invention
Embodiments described herein relate generally to optical
subassemblies. More particularly, example embodiments

relate to chip on flex optical subassemblies.

Related Technology

Communication modules, such as electronic or optoelec-
tronic transceivers or transponder modules, are increasingly
used 1n electronic and optoelectronic communication. Com-
munication modules communicate with a host device printed
circuit board (PCB) by transmitting and/or receiving elec-
trical data signals to and/or from the host device PCB. The
clectrical data signals can also be transmitted by the com-
munication module outside a host device as optical and/or
clectrical data signals. Many communication modules
include optical subassemblies (OSAs) such as transmitter
optical subassemblies (TOSAs) and/or receiver optical sub-
assemblies (ROSAs) to convert between the electrical and
optical domains.

Generally, a ROSA transforms an optical signal recerved
from an optical fiber or another source to an electrical signal
that 1s provided to the host device. A photodiode or similar
optical recerver included 1n the ROSA transforms the optical
signal to the electrical signal. A TOSA transforms an elec-
trical signal received from the host device to an optical
signal that 1s transmitted onto an optical fiber or other
transmission medium. A laser diode or similar optical trans-
mitter included 1n the TOSA 1s driven to emit the optical
signal representing the electrical signal received from the
host device.

A common configuration for OSAs includes a transistor
outline (*“1'0”) package such as a TO can. An example TO
can 1s generally a self-contained and often hermetically
sealed canister with one or more optical components dis-
posed within the canister. Specifically, TO cans may 1ncor-
porate one or more optical components such as an optical
transmitter or an optical recerver. The TO can may be
configured to fit within a cavity defined in an optical port
opposite a second cavity configured to receive an optical
fiber. The optical port enables the optical component(s)
disposed within the TO can to communicate via the optical
fiber. The TO can may further include electrical contacts that
allow the optical component(s) to communicate with a host
device electrically coupled to the OSA. However, the TO
can 1ncreases the number of components required to produce
an OSA, which increases manufacturing costs and may
create electrical discontinuities.

The subject matter claimed herein 1s not limited to
embodiments that solve any disadvantages or that operate
only in environments such as those described above. Rather,
this background 1s only provided to illustrate one exemplary
technology area where some embodiments described herein
may be practiced.
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SUMMARY OF SOME SAMPLE
EMBODIMENTS

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below. This Summary 1s not intended to 1dentily key features
or essential characteristics of the claimed subject matter, nor
1s 1t intended to be used as an aid 1n determining the scope
of the claimed subject matter.

One example embodiment includes an optical subassem-
bly (OSA). The OSA includes a flex circuit, an optical port,
and an active optical component subassembly. The flex
circuit 1s constructed of at least one electrically-conductive
layer and at least one electrical insulator layer. The optical
port defines a barrel cavity and the optical port 1s mechani-
cally coupled to the flex circuit at a flex connection. The
active optical component subassembly 1s positioned within
the barrel cavity and electrically coupled to the flex circuait.

Another example embodiment includes another OSA. The
OSA 1ncludes an optical port, a flex circuit, a first active
optical component subassembly optical subassembly, and a
second active optical component subassembly. The optical
port defines a barrel cavity having two barrel openings
positioned on orthogonal sides of the optical port. The flex
circuit includes a first portion that extends along a first of the
two orthogonal sides to substantially cover a first of the two
barrel openings. The flex circuit also includes a second
portion that extends along the second of the two orthogonal
sides to substantially cover a second of the two barrel
openings. The first active optical component subassembly 1s
clectrically coupled to the first portion of the flex circuit such
that the first active optical component assembly 1s positioned
within the barrel cavity. The second active optical compo-
nent subassembly 1s electrically coupled to the second
portion of the flex circuit such that the second active optical
component subassembly 1s positioned within the barrel
cavity.

Another embodiment includes a method of constructing
an array ol COF OSAs. The method includes epoxying a top
cover, a top metal, a core, a bottom metal, and a bottom
cover to create an array of flex circuits. The method includes
attaching heat sink stiffeners to each of the flex circuits in the
array of flex circuits. The method includes electrically
coupling active optical component subassemblies to each of
the flex circuit 1 the array of flex circuits. The method also
includes mounting optical ports to each of the flex circuit n
the array of tlex circuits such that each of the active optical
component subassemblies are positioned within a barrel
cavity defined by the optical ports.

Additional features and advantages of the invention will
be set forth 1n the description which follows, and 1n part will
be obvious from the description, or may be learned by the
practice of the invention. The features and advantages of the
invention may be realized and obtained by means of the
instruments and combinations particularly pointed out 1n the
appended claims. These and other features of the present
invention will become more fully apparent from the follow-
ing description and appended claims, or may be learned by
the practice of the mvention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

To further clarity the above and other advantages and
features of the present invention, a more particular descrip-
tion of the invention will be rendered by reference to specific
embodiments thereof which are 1llustrated 1n the appended
drawings. It 1s appreciated that these drawings depict only
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typical embodiments of the invention and are therefore not
to be considered limiting of 1ts scope. The invention will be

described and explained with additional specificity and
detail through the use of the accompanying drawings in
which:

FIG. 1A illustrates a perspective view of an example
transceiver 1n which an embodiments disclosed herein may
be implemented;

FIG. 1B illustrates an exploded perspective view of the
transceiver of FIG. 1A;

FIGS. 2A-2D illustrate an example chip on flex optical
subassembly (COF OSA) that may be implemented 1n the
transceiver of FIGS. 1A and 1B;

FI1G. 3 1llustrates another example COF OSA that may be
implemented 1n the transceiver of FIGS. 1A and 1B;

FIG. 4 illustrates another example COF OSA that that
may be implemented in the transcerver of FIGS. 1A and 1B.

FIGS. SA and 5B 1illustrate an example optical port that
may be implemented 1n the COF OSA of FIGS. 2A-2D;

FIG. 6 1illustrates an example plate that may be imple-
mented in the COF OSA of FIGS. 2A-2D;

FIG. 7 illustrates an example active optical component
subassembly that may be implemented in the COF OSA of
FIGS. 2A-2D;

FIG. 8 illustrates an example top conductive element and
bottom conductive element that may be implemented 1n the
COF OSA of FIGS. 2A-2D;

FIG. 9 1llustrates a heat sink stiffener that may be imple-
mented 1n the COF OSA of FIGS. 2A-2D:;

FIGS. 10A-10D illustrate an example construction pro-
cess of an array of COF OSAs; and

FIG. 11 1s a flow chart of an example method of con-
structing an array ol chip on tlex optical subassemblies,
arranged 1n accordance with at least some embodiments
described herein.

DETAILED DESCRIPTION OF SOME
EXAMPLE EMBODIMENTS

Embodiments described herein relate generally to optical
subassemblies (OSA). More particularly, some example
embodiments relate to a chip on tlex optical sub assembly
(COF OSA) in which an active optical component and/or a
housing containing the active optical component are
mounted to a flex circuit. In some embodiments, the COF
OSA 1ncludes an active optical component subassembly that
includes an optical transmitter, a monitor photodiode
(“monitor PD”), a spacer/heat dissipater, and a plate. In this
embodiment, the optical transmitter, the monitor PD, and the
spacer/heat dissipater are mounted to a flex circuit and may
be disposed within a barrel cavity of an optical port. The
plate may be fixed 1n the barrel cavity.

Alternately or additionally, a COF OSA may include a
ROSA active optical component subassembly including a
photodiode and an amplifier. In these and other embodi-
ments, the amplifier and/or the photodiode may be mounted
to a flex circuit and disposed within a barrel cavity of an
optical port.

Some embodiments of the COF OSA described herein
may 1nclude a lower part count than OSAs that include a TO
can. Thus, construction of the COF OSA may include fewer
steps than construction of OSAs with the TO can. Addition-
ally or alternately, 1n some TO can OSAs, the port density
may be limited by a diameter of the TO can. The COF OSA
may enable a relatively smaller form factor (e.g., as die gets
smaller, the pitch can increase) which in turn may enable
higher port densities than OSAs that include the TO can.
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Embodiments described herein may be implemented 1n
optoelectronic devices. As used herein, the term “optoelec-
tronic device” includes a device having both optical and
clectrical components. Examples of optoelectronic devices
include, but are not limited to transponders, transceivers,
transmitters, and/or receivers. While some embodiments
described herein will be discussed 1n the context of a
transceiver module, those of skill i the art will recognize
that the principles of the present invention may be imple-
mented 1 virtually any device having some or all of the
functionality described below.

FIG. 1A 1illustrates a perspective view ol an example
transceiver module generally designated as transceiver 100
in which a COF OSA may be implemented. The transceiver
100 can be an SFP+ optical transceiver in some embodi-
ments. While described 1n some detail herein, the transceiver
100 1s discussed by way of illustration only, and not by way
of restricting the scope of the invention. For example,
although the transcerver 100 can be an SFP+ optical trans-
ceiver 1n some embodiments, the principles of the mnvention
can be implemented in optoelectronic modules of any form
factor such as XFP, SFP, SFP+, SFF, XENPAK, and XPAK,
without restriction. Alternatively or additionally, the trans-
ceiver 100 can be suitable for optical signal transmission and
reception at a variety of per-second data rates, including but
not limited to 1 gigabit per second (Gbit), 2 Gbait, 4 Gbait, 8
Gbait, 10 Gbat, 14 Gbat, 20 Gbait or other bandwidth fiber optic
links. Furthermore, optoelectronic modules of other types
and configurations, or having components that differ 1n some
respects from those shown and described herein, can also
benellt from the principles disclosed herein.

As shown 1n FIG. 1A, the transceiver 100 includes a body
composed of a top shell 102 and a bottom shell 104. The
bottom shell 104 defines a front end 106 and a back end 108
of the transceiver 100. Included on the front end 106 of the
transceiver 100 are two fiber openings 110, 112 configured
to recerve connectors of an optical fiber (not shown). The
two fiber openings 110, 112 include an output fiber opening
110 and an nput fiber opening 112. The fiber openings 110,
112 define a portion of an interface portion 114 that 1s
generally included on the front end 106 of the transceiver
100. The interface portion 114 can include structures to
operably connect the transceiver 100 to optical fibers or
optical fiber connectors such as, but not limited to, LC
connectors.

Also disposed on the front end 106 of the transceiver 100
1s a bail latch assembly 116 that enables the transceiver 100
to be removably secured 1n a host device (not shown). The
body of the transcerver 100, including the top shell 102 and
the bottom shell 104, can be formed of metal. Alternately or
additionally, the host device may include a cage 1n which the
transceirver 100 1s mserted.

FIG. 1B 1illustrates a partially exploded perspective view
of the transceiver 100 of FIG. 1A. In FIG. 1B, the bottom

shell 104 defines a cavity 118 in which a TOSA 120, a ROSA
122, a printed circuit board (PCB) 124, and PCB connectors
130 are included as internal components of the transceiver
100.

Each of the TOSA 120 and the ROSA 122 includes a fiber
receiver 126 and 128, respectively, that extends into a
respective one of the fiber openings 110, 112 so as to be
positioned to mate with an optical fiber (not shown) or a
connector portion (not shown) of the optical fiber when

received within the fiber openings 110, 112. The TOSA 120
and the ROSA 122 can be electrically coupled to the PCB
124 via the PCB electric connectors 130. The PCB electric

connectors 130 may include a lead frame connector or
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equivalent electrical contact(s) that allow the transmission of
clectrical signals between the PCB 124 and the TOSA 120

or ROSA 122.

During operation, the transceiver 100 can receive a data-
carrying electrical signal from a host device, which can be
any computing system capable of communicating with the
transceiver 100, for transmission as a data-carrying optical
signal on to an optical fiber (not shown). The electrical
signal can be provided to an optical transmitter, such as a
laser disposed within the TOSA 120, which converts the
clectrical signal into a data-carrying optical signal for emis-
sion on to an optical fiber and transmission via an optical
communication network, for instance. The optical transmit-
ter can include an edge-emitting laser diode, a Fabry-Perot
(“FP”) laser, a vertical cavity surface emitting laser (“VC-
SEL™), a distributed feedback (“DFB”) laser, or other suit-
able light source. Accordingly, the TOSA 120 can serve or
include components that serve as an electro-optic transducer.

In addition, the transceiver 100 can receive a data-carry-
ing optical signal from an optical fiber via the ROSA 122
The ROSA 122 can include an optical recerver, such as
PIN photodiode, an avalanche photodiode (“APD”), or other
suitable recerver, which transforms the received optical
signal 1nto a data-carrying electrical signal. Accordingly, the
ROSA 122 can serve or include components that serve as an
optoelectric transducer. The resulting electrical signal can
then be provided to the host device in which the transceiver
100 1s located.

Chip on Flex Optical Subassembly

FIGS. 2A-2D 1illustrate an example COF OSA 200. Spe-
cifically, FIG. 2A illustrates an assembled, perspective view
of the COF OSA 200; FIG. 2B 1illustrates an external side
view of the COF OSA 200; FIG. 2C illustrates a cut-away
side view of the COF OSA 200; and FIG. 2D illustrates a
detailed cut-away perspective view of the COF OSA 200.
The COF OSA 200 may generally correspond to the TOSA
120 or ROSA 122 described with reference to FIG. 1B, for
instance.

With combined reference to FIGS. 2A-2D, the COF OSA
200 can include an optical port 500, a tlex circuit 212, a heat

sink stiffener 216, a PCB flex connection 218, an active
optical component subassembly 220 (FIGS. 2C and 2D), and

a flex connection 214 (FIG. 2A).

The COF OSA 200 1s generally configured to covert
clectrical signals to optical signals and/or optical signals to
clectrical signals and to at least partially communicate the
signals (1.e., electrical or optical signals) within an optoelec-
tric system, such as the transceiver 100 of FIGS. 1A-1B.
More specifically, the active optical component subassembly
220 may include one or more components (e.g., 238 1n FIG.
2D or 324 i FIG. 3) configured to perform conversions as
described above. Additionally, the active optical component
subassembly 220 may include one or more components
(e.g., 600 1n FIGS. 5A-6, 232 and/or 234 1n FIG. 2D, or 322
in FIG. 3) that moditly, monitor, amplity, and/or attenuate the
signals. For example the components may modily, monitor,
amplily, and/or attenuate the signals to conform to operating
capabilities of a system implementing the COF OSA 200.

Specifically, two example functions of the COF OSA 200
can include transmission of optical signals and reception of
optical signals. The transmission of optical signals can be
accomplished 1f the active optical component subassembly
220 includes an optical transmitter. In this and other embodi-
ments, electrical signals are received on the tlex circuit 212
at the PCB tlex connection 218 from a PCB such as the PCB
124 of FIG. 1B. The electrical signals are communicated
along the flex circuit 212 to the active optical component
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subassembly 220 where the electrical signals are converted
to optical signals and transmitted from the COF OSA 200
through the optical port 500.

The reception of optical signals can be accomplished 1t
the active optical component subassembly 220 includes an
optical receiver such as a photodetector. In this and other
embodiments, optical signals are received through the opti-
cal port 500, converted to electrical signals by the active
optical component subassembly 220 and communicated
along the flex circuit 212 to the PCB flex connector 218.
Some additional details of embodiments 1n which the optical
signals are received are discussed with reference to FIG. 3.

With specific reference to FIGS. 2A and 2B, the COF
OSA 200 1s depicted as assembled. When assembled, the
optical port 500 1s attached to the flex circuit 212 at a flex
connection 214. The flex circuit 212 can be a flexible printed
circuit that generally includes conductive elements and
flexible substrates. The tlexible substrates may be composed
of materials including, but not limited to, polyimide, poly-
ester, polyether ether ketone, and/or polyethylene terephtha-
late (PET). In some embodiments, the conductive elements
are formed on and/or between the flexible substrates. For
example, the flex circuit 212 can include a copper strip
laminated with layers of PET. Alternatively, the flex circuit
212 can include a silver circuit that i1s screen printed on a
polyester substrate or the flex circuit 212 may be manufac-
tured similarly to PCBs. These manufacturing methods may
include laminating together dielectric layers with epoxy
resin, coating the dielectric layers with a conductive layer
such as, but not limited to, copper fo1l, then creating a circuit
by removing or chemically etching an unwanted portion of
the conductive layer from the dielectric layers. An example
flex circuit 212 1s described 1n more detail with respect to
FIGS. 10A-10D.

The flex connection 214 refers to the connection between
the optical port 500 and the flex circuit 212. The {flex
connection 214 can include a mechanical connection
between the optical port 500 and the flex circuit 212.
Example flex connections 214 may include joining materials
such as polyimide, polyester, or polyethylene naphthalate
and may be reinforced with materials such as polyimide,
polyethylene terephthalate, aluminum and/or steel.

In some embodiments, the flex connection 214 may
include an electrically 1nsulating connection. Specifically 1n
some embodiments, the tlex connection 214 may electrically
insulate the optical port 500 from the flex circuit 212. That
1s, the flex connection 214 may prohibit the transier of
clectrical signals between the optical port 500 and the flex
circuit 212 and may therefore turther prohibit the transter of
clectrical signals between the optical port 500 and a system
(not shown) implementing the COF OSA 200.

The flex connection 214 can alternatively include an
clectrical connection that may for example, ground the
optical port 300 and/or enable the conduction of electrical
signals between the flex circuit 212 and the optical port 500.
The flex connection 214 may further aid in suppressing
clectromagnetic radiation (“EMR™) that results from opera-
tion of the COF OSA 200. For example, suppression of EMR
may be mmplemented in embodiments 1 which both the
optical port 500 and the flex connection 214 are composed
of electrically conductive matenals.

Additionally, depending on the one or more materials
composing the flex connection 214 and the flex circuit 212,
the flex connection 214 may also dissipate thermal energy
from the optical port 500 through the flex circuit 212 via the
flex connection 214. To assist in the transfer of heat from the
optical port 500 and/or the active optical component subas-
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sembly 220, the COF OSA 200 may include a heat sink
stiffener 216. The heat sink stiffener 216 may be configured
to attach to the flex circuit 212. The heat sink stiffener 216
may act as a thermal sink to absorb thermal energy from the
COF OSA 200, which thermal energy may be generated
through operation of the COF OSA 200. Additionally, the
heat sink stiffener 216 can physically stiffen the COF OSA
200. Some additional aspects of the heat sink stiffener 216
will be discussed with reference to FIG. 8.

The PCB flex connection 218 (FIG. 2A only) can include
clectrical contacts that are configured to be electrically
coupled with a PCB such as the PCB 124 1n FIG. 1B. With
combined reference to FIGS. 1B-2B, the PCB 124 may be
clectrically coupled to the flex circuit 212 via the PCB flex
connection 218 at the PCB connectors 130. A connection
between the tlex circuit 212 and the PCB 124 at the PCB flex
connection 218 can be realized by a mechanized soldering
process, a hand soldering processes, or a hot bar process, for
example.

Referring next to FIGS. 2C and 2D, cut-away views of the
COF OSA 200 are 1llustrated. As shown 1n FIGS. 2C and 2D,
the COF OSA 200 can include the active optical component
subassembly 220 positioned within the optical port 500. As
discussed above, the active optical component subassembly
220 can include one or more optical or electrical compo-
nents that enable operation of the COF OSA 200. For
example, the active optical component subassembly 220 can
include one or more optoelectric components that may be
included 1in a TOSA, such as the TOSA 120 of FIG. 1B. The
embodiment depicted 1n FIGS. 2C and 2D include optoelec-
tric components that may be included 1n a TOSA. Specifi-
cally, in this and other embodiments, the active optical
component subassembly 220 can include a plate 600, which
1s depicted transparently in FIG. 2D, a monitor PD 232, a
spacer/heat spreader 234, wirebonds 236, and an optical
transmitter 238 as described below.

Referring specifically to FIG. 2D, the active optical
component subassembly 220 can be configured to fit inside
a barrel cavity 224 when the COF OSA 200 1s assembled.
Additionally, one or more optical or electrical components
included 1n the active optical component subassembly 220
may be mounted to the flex circuit 212 at an optical
component subassembly connection region (“connection
region”) 222. Similar to the flex connection 214, the con-
nection region 222 may include electrical connections and
mechanical connections. Examples of the electrical connec-
tions may 1include wire bonding between one or more
clectrical contacts of the active optical component subas-
sembly 220 and the conductive elements of the flex circuit
212. The electrical connections may include one or more
wircbonds 236. Wire bonding can be performed by micro-
welding, thermo-compression wire bonding, or similar wire
bonding processes. Example wirebonds can be composed at
least partially of aluminum, copper, gold, any combination
thereot or any combination thereof with other matenals.

The active optical component subassembly 220 may be
configured to be positioned and/or fixed within the barrel
cavity 224. In some embodiments, some components
included 1n the active optical component subassembly 220
are mounted to the flex circuit 212 and other components
included 1n the active optical component subassembly 220
are fixed within the barrel cavity 224.

For example, the active optical component subassembly
220 can 1include the plate 600, the momtor PD 232, the
spacer/heat spreader 234, one or more wirebonds 236, and
the optical transmitter 238, which may include a light-
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fixed 1n the barrel cavity 224 while the other components
included 1n the active optical component subassembly 220
such as the monitor PD 232, the spacer/heat spreader 234,
and the optical transmitter 238 may be mounted to the flex
circuit 212 at the connection region 222. More specifically
in this and other embodiments, the spacer/heat spreader 234
1s mounted to the flex circuit 212 at the connection region
222. The optical transmitter 238 and the monitor PD 232 can
be operably connected to the spacer/heat spreader 234. The
connection region 222 may be configured to mechanically
receive the spacer/heat spreader 234 and to secure the
optical transmitter 238 physically at a specific position
ecnabling alignment of the optical transmitter 238 and the
monitor PD 232 within the optical port 500. The connection
region 222 may be further configured to electrically connect
the optical transmitter 238 and the monitor PD 232 to a
system 1mplementing the COF OSA 200, such as the trans-
ceiver 100 of FIGS. 1A-1B.

FIG. 3 illustrates another example COF OSA 300 that
may be included in the transcerver 100 of FIG. 1. The COF
OSA 300 includes a ROSA active optical component sub-
assembly 320. The ROSA active optical component subas-
sembly 320 can include one or more optoelectric compo-
nents that are generally included 1n a ROSA, such as the
ROSA 122 of FIG. 1B. Specifically, in this and other
embodiments, the ROSA active optical component subas-
sembly 320 includes a photodiode 324 and an amplifier 322.

Other than the difference between the active optical
component subassembly 220 of FIGS. 2C and 2D and the
ROSA active optical component subassembly 320 of FIG. 3,
the COF OSA 300 may be substantially similar to the COF
OSA 200 of FIGS. 2A-2D. For example, the components
(e.g., 500, 214, 216, 212, 218, 224, and 222) described with

reference to FIGS. 2A-2D may function largely identically
in the COF OSA 300 of FIG. 3. Accordingly, it 1s should be

appreciated that the principles described herein with respect
to the COF OSA 200 may also generally describe the COF
OSA 300 of FIG. 3.

The components (1.e., 322 and 324) included 1n the ROSA
active optical component subassembly 320 may be mounted
to the tlex circuit 212. Specifically, in the ROSA active
optical component subassembly 320, the amplifier 322 can
be mounted to the flex circuit 212 at the connection region
222 and the photodiode 324 can be operably connected,
including being physically secured and electrically coupled,
to the amplifier 322.

FIG. 4 illustrates another example COF OSA 400 that
includes two active optical component subassemblies 402
and 404. FIG. 4 depicts a partially exploded perspective
view of the COF OSA 400 in which an optical port 406 1s
illustrated displaced from a flex circuit 408, which 1s par-
tially transparent. In general, the COF OSA 400 can include
multiple active optical component subassemblies, therefore
a single COF OSA may be configured to both transmit and
receive optical signals. In the illustrated embodiment, the
COF OSA 400 includes a transmit active optical component
subassembly 402 and a receive active optical component
subassembly 404.

The flex circuit 408 can include a transmit connection
region 410, a receive connection region 412, and a bend 414.
The transmit connection region 410 can provide a section of
the tlex circuit 408 including electrical connections for use
of the transmit active optical component subassembly 402.
Likewise, the receive connection region 410 can provide a
section of the flex circuit 408 including electrical connec-
tions for use of the receive active optical component sub-
assembly 404. The bend 414 can be substantially a hairpin-
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like bend such that the transmit connection region 410 and
the receive connection region 412 are substantially normal
to one another.

With combined reference to FIGS. 2A-2D, and 3B the flex
circuit 408 can be longer that the flex circuit 212 of FIGS.
2A-2D. This allows the flex circuit 408 to extend along a
bottom 424 and a side 422 of the optical port 406. In this and
other embodiments, the receive connection region 412 1is
located on the portion of the flex circuit 408 that extends
along the side 422 of the optical port 406. However, 1n
alternative examples the transmit connection region 410
may be located on the portion of the flex circuit 408 that
extends along the side 422 of the optical port 406.

The optical port 406 defines a barrel cavity 416 that can
include two barrel openings 418 and 420. The barrel open-
ings 418 and 420 allow the transmit active optical compo-
nent subassembly 402 and the receirve active optical com-
ponent subassembly 404 to enter the barrel cavity 416. The
barrel openings 418 and 420 are located on the side 422 and
the bottom 424 of the optical port 406 such that the transmit
active optical component subassembly 402 and the receive
active optical component subassembly 404 are located on
different planes within the barrel cavity 416.

The optical port 406 can be a monolithic component or an
assembly of components that enables communications with
one or more transmitters as well as one or more receivers
through an optical network (not shown). In addition to the
transmit active optical component subassembly 402 and the
receive active optical component subassembly 404, the COF
OSA 400 may include optical filters, electrical filters, and/or
splitters such as a bidirectional (BiD1) optical filter config-
ured to allow a transmit optical signal emaitted by an optical
transmitter of the transmit active optical component subas-
sembly 402 to pass therethrough, and further configured to
reflect a receive optical signal towards an optical recerver in
the receive active optical component subassembly 404.

Alternatively, some COF OSA may include one or more
components configured to transmit and/or receive one or
more optical signals on one or more predetermined wave-
length division multiplexing (WDM) channels. For instance,
a laser or other optical transmitter configured to emit optical
signals on a predetermined WDM channel may be provided,
and/or an array of lasers or other optical transmitters may be
provided that are configured to emit optical signals on
different predetermined WDM channels. Alternately or addi-
tionally, an optical receiver or array of optical receivers may
be provided that are configured to receive one or more
optical signals on one or more different predetermined
WDM channels. The predetermined WDM channels may
include one or more coarse wavelength division multiplex-
ing (CWDM) channels (e.g., about 100 GHz spacing), one
or more dense wavelength division multiplexing (DWDM)
channels (e.g., about 50 GHz or 25 GHz spacing), or the like
or any combination thereof.

The active optical component subassembly 220 (FIGS.
2C and 2D), the ROSA active optical component subassem-
bly 320 (FIG. 3), and/or the transmit active optical compo-
nent subassembly 402 and receive active optical component
subassembly 404 (FI1G. 4) are each illustrated and discussed
as a single subassembly. However, the grouping of compo-
nents 1n these subassemblies 220, 320, 402, and 404 1s not
meant to be limiting. That 1s, the components included in
these subassemblies 220, 320, 402, and 404 are not neces-
sarily 1nstalled at a same time or in the same process of
constructing a COF OSA 200 or 300. For example, in the
embodiment illustrated in FIG. 2D, the active optical com-
ponent subassembly 220 may be fixed within the barrel
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cavity 224 or mounted to the flex circuit 212 in any order as
determined by manufacturing and/or functional consider-
ations. For example, the plate 600 may be installed in the
barrel cavity 224 of the optical port 500 during the manu-
facturing of the optical port 500 and the spacer/heat spreader
234 may be mounted to the flex circuit 212 during manu-
facture of the flex circuit 212. The optical port 500 may then
be secured to the flex circuit 212 1n a subsequent process.

With reference to FIGS. 5A-9, some additional details of
components that may be included in COF OSAs such as the
COF OSAs 200, 300, or 400 are described. Note 1n some of
the COF OSAs 200, 300, or 400 some features of charac-
teristics of the components may vary from those presented
with reference to FIGS. 5A-9. The features and variations
thereofl may relate to a specific function or operation of the
COF OSA.

FIGS. SA-5B illustrate some additional details of the
optical port 500. As discussed above, the optical port 500
may be implemented 1n the COF OSA 200 depicted 1n FIGS.
2A-2D. FIGS. SA and 3B present cut away views of the
optical port 500. A sectional plane from which FIG. 5A 1s
generated 1s substantially normal to the sectional plane from
which FIG. 5B i1s generated. Generally, the optical port 500
can be a single molded element, which may be composed of
materials mcluding, but not limited to, plastic or glass.

The optical port 500 may define a fiber receptacle 506 that
1s configured to receirve an optical fiber (not shown). Spe-
cifically the fiber receptacle 506 allows the insertion of an
optical fiber into the optical port 500 such that optical signals
may be transmitted to or received from a system (not
shown). The fiber receptacle 506 depicted in FIGS. 5A-5B
1s configured to receive one optical fiber. However, 1n
alternative embodiments, the fiber receptacle 306 may be
configured to receive one optical fiber, multiple optical
fibers, and/or fiber optic pigtails. Example fiber optic pigtails
may be compliant to IEC, TIA/EIA, NTT, and/or JIS speci-
fications. Fiber receptacles 5306 configured to recerve mul-
tiple optical fibers and/or fiber optic pigtails may have
varying physical dimensions and/or additional or alternative
features attached or incorporated into the optical port 500.
Additionally, 1n such embodiments, the optical port 500 may
be configured as a permanent pigtail assembly.

The optical port 500 may further define the barrel cavity
224 introduced above. The barrel cavity 224 can be config-
ured such that the plate 600 may be fixed within 1t. Accord-
ingly, the barrel cavity 224 can include inner walls 504
defining the tilted molded recess 502. As best illustrated 1n
FIG. 5A, the tilted molded recess 502 may be defined by
material removed from the inner walls 504 creating a
step-like cross-sectional shape of each of the inner walls
504.

The tilted molded recess 502 may have a substantially
trapezoidal cross-sectional shape including one angled edge
to which the plate 600 1s fixed. The angled edge enables the
plate 600 to be fixed at an angle. The plate 600 may be
supported by portions of the mner walls 504 leit following
the material removal process. The plate 600 1s substantially
supported along one or more edges of the plate 600 leaving
an un-obscured section of the plate 600, such as a middle
area of the plate 600, unsupported.

Alternatively, the tilted molded recess 502 may be molded
with the optical port 500 as part of the inner walls 504. I1 the
tilted molded recess 502 1s molded with the optical port 500,
then the tilted molded recess 502 can be integral to the
optical port 500. Alternatively still, a plate support nsert
defining the tilted molded recess 502 may be produced or
manufactured 1n a separate process and later attached to the
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inner walls 504 of the optical port 500. The plate support
insert may be attached via an epoxy, a fastener, a press {it,
or any other suitable attachment means/methods.

The plate 600 may be attached to the tilted molded recess
502 through a structural epoxy or may be attached via one
or more lasteners, a press {it, etc. Additionally, 1n some
embodiments, the plate 600 can be attached by some athxing
apparatus that may include, but 1s not limited to, one or more
protrusions, one or more cutouts, one or more fasteners, an
adhesive, and/or one or more retainers.

In this and other embodiments, the optical port 300 can fix
the plate 600 1 a specific position relative to the fiber
receptacle 506, which secures an optical fiber. Fixing the
plate 600 1n the optical port 500 may eliminate the need to
include a plate 1n a TO can. Additionally or alternatively, the
optical fiber and the plate 600 may remain substantially
aligned because the optical fiber and the plate 600 are both
secured by the optical port 500.

In alternative embodiments, the optical port 500 may omit
the plate 600. For example, the COF OSA 300 depicted in
FIG. 3 can omit the plate 600. Inclusion of the plate 600 1n
the optical port 500 can be determined by the function of
particular COF OSA.

FI1G. 6 1llustrates some additional details of the plate 600.
As discussed above, the plate 600 may be implemented in
the optical port 500 depicted 1n FIGS. SA and 5B. The plate
600 may be composed of a variety of materials including,
but not limited to, plastic or glass. In this and other embodi-
ments, the plate 600 has a substantially rectangular cross-
section. However, the plate 600 may take alternative geom-
etries as can be determined by the configuration of an optical
port or potentially other economic or functional consider-
ations.

The plate 600 can include a prescription. As used with
reference to the plate 600, the term prescription may refer to
particular focusing, retlective, and/or attenuating properties.
A specific prescription of the plate 600 can be the same
prescription as a TO can plate that the plate 600 1s replacing.
For example, i a COF OSA 1s configured to function as a
14G TOSA implementing a VCSEL, the prescription of the
plate 600 may be identical to that of a TO-46 plate. Alter-
natively, the prescription of the plate 600 may vary from the
corresponding TO can plate. For example, the prescription
may be determined by the configuration of the optical port
500 and/or the configuration of another component such as
the optical transmitter. In some embodiments, the plate 600
can 1nclude an optical power that may correspond to a
particular focal length similar to a lens that may aid in
focusing optical signals.

The plate 600 may also be configured to attenuate an
optical signal transmitted through the plate 600. Specifically,
the plate 600 may reflect a portion of the optical signal
emitted by the corresponding optical transmitter to a corre-
sponding monitor PD. With combined reference to FIGS. 2D
and 6, the plate 600 1s angled 1n the illustrated embodiment
such that a portion of the optical signal emitted by the optical
transmitter 238 may be reflected to the monitor PD 232. The
reflected portion may provide some information related to
the operating condition of the optical transmitter 238. In this
and other embodiments, the monitor PD 232 may commu-
nicate information based on the reflected portion of the
optical signal to another system which in turn may modity
one or more operating conditions of the optical transmaitter.
The reflection may be accomplished through a coating on
one or more surfaces 602 of the plate 600.

As stated above, by fixing the plate 600 to an optical port
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inclusion of a TO can with a plate may be eliminated. The
climination of the TO can may reduce the overall complexity
of the COF OSA. Additionally, fixing the plate 600 to the
optical port may allow variation 1n reflection and/or attenu-
ation through the modification and/or substitution of the
plate 600 and/or the optical port.

FIG. 7 1illustrates an example active optical component
subassembly 700 which may be implemented in the COF
OSA 200 of FIGS. 2A-2D. Similar to the active optical
component subassembly 220 depicted in FIGS. 2C and 2D,
the active optical component subassembly 700 can include
an optical transmitter 702, a spacer/heat spreader 704,
wirebonds 706, and a momtor PD 708 (collectively, the
optical transmitter 702, the spacer/heat spreader 704, and the
monitor PD 708 are referred to as the “components 702/
704/708” with reference to FIG. 7). The components 702/
704/708 are not limiting to the scope of the invention. For
example, additional or alternative components that may be
included 1n the active optical component subassembly 700
and/or elsewhere 1 the COF OSA including the active
optical component subassembly 700. The additional or alter-
native components may include, but are not limited to, an
optical filter, a resistor, a capacitor, integrated circuits (ICs)
such as a laser driver IC and/or a post amplifier 1C, or the
like or any combination thereof.

In the embodiment depicted in FIG. 7, an optical port has
been omitted for clanty and the components 702/704/708
are 1llustrated aflixed to a connection region 710. The active
optical component subassembly 700 1s configured to be
positioned within and fit inside a barrel cavity of the omitted
optical port. The barrel cavity can be similar to the barrel
cavity 224 depicted 1n FIGS. 2D, 5A, and 5B, for instance.

The spacer/heat spreader 704 1s secured to a flex circuit
716 at the connection region 710. As above, the connection
region 710 may include an electrical connection and/or a
mechanical connection. An example mechanical connection
may be created through use of an epoxy, a glue, a fastener,
or a solder. Generally, the mechanical connection enable the
proper positioning of the spacer/heat spreader 704 within a
COF OSA such that a transmitted optical signal 1s aligned
for function of the COF OSA. Additionally, the mechanical
connection can secure the spacer/heat spreader 704 to the
flex circuit 716. Aspects of some example electrical con-
nections are discussed below.

In some alternative embodiments, the spacer/heat
spreader 704 may be secured to a heat sink stiffener 718. In
these and other embodiments, the connection region 710
may define an opening allowing the spacer/heat spreader
704 to contact the heat sink stiffener 718.

The spacer/heat spreader 704 may be composed of alu-
minum nitride or another material. Functionally, the spacer/
heat spreader 704 may be configured to enable the optical
transmitter 702 to be secured on a spacer top surface 714.
The physical contact between the spacer top surtace 714 and
the optical transmitter 702 can allow thermal energy gener-
ated during operation of the optical transmitter 702 to
dissipate or transfer to the spacer/heat spreader 704 and
subsequently to the heat sink stiffener 718. The transfer of
thermal energy may enable temperature control of a COF
OSA and can enhance the performance of the optical trans-
mitter 702.

Additionally or alternatively, the spacer/heat spreader 704
may include a film resistive element that may act as a heater.
The film resistive element may heat the PD monitor 708
and/or the optical transmitter 702 for instance to ensure or
maintain a particular temperature. The film resistive element
can be located on the spacer top surface 714 or may be
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integrated into the spacer/heat spreader 704. Additionally,
the film resistive element may vary in thickness and/or
dimension to provide, for example, a specific quantity of
heating to a certain area and/or specific optical component
702/704.

The optical transmitter 702 can include, but 1s not limited
to, a VCSEL, a laser diode, an edge emitting laser, an FP
laser, a DFB laser, or other suitable optical transmitter. The
optical transmitter 702 may be mechanically coupled to the
spacer top surface 714. The optical transmitter 702 receives
clectrical signals via one or more wirebonds 706 that drive
the optical transmitter 702 to emit optical signals represen-
tative of the electrical signals. During operation of the
optical transmitter 702, thermal energy can be generated,
which may be dissipated through the spacer/heater spreader
704 and the heat sink stiffener 718 as already described.

The momtor PD 708 may be aflixed to the spacer top
surface 714 and may be electrically coupled to the connec-
tion region 710 via one or more of the wirebonds 706.
Functionally, the monitor PD 708 may be configured to
receive a portion of an optical signal reflected from a plate.
The monitor PD 708 may be further configured to convert
the retlected portion to an electrical signal which 1s com-
municated to another system. Accordingly, and as illustrated
in FIG. 7, the monitor PD 708 may be electrically coupled
to the connection region 710 via one or more of the
wircbonds 706. The wirebonds 706 carry the electrical
signals from the monitor PD 708 to a corresponding contact
in the connection region 710, which may be electrically
coupled to other system.

FI1G. 8 illustrates conductive elements 800 and 824 which
may be integrated into the active optical component subas-
sembly 700 of FIG. 7. More specifically, FIG. 8 includes a
top conductive element 800 displaced from a bottom con-
ductive element 824. Generally, the top conductive element
800 and the bottom conductive element 824 are composed of
conductive materials such as metal or the like. Additionally
in FIG. 8, the electrical msulator layer 1s omitted between
the top conductive element 800 and the bottom conductive
clement 824.

The top conductive element 800 can include top compo-
nent contacts 804, a top conductive length 812, and top PCB
flex connections 806. Similarly, the bottom conductive ele-
ment 824 can include bottom component contacts 802, a
bottom conductive length 810, and a bottom PCB flex
connection 808. When assembled, as discussed with refer-
ence to FIG. 10A-10D, a flex circuit may include one or
more 1nsulator layers between the top conductive element
800 layered on top of the bottom conductive element 824.
The insulator layer(s) can be configured to provide discrete
contacts between the top conductive element 800 and the
bottom element 824.

With combined reference to FIGS. 7 and 8, The top
component contacts 804 and the bottom component contacts
802 may combine to form the connection 710. The top
component contacts 804 and the bottom component contacts
802 enable the electrical coupling of the components 702/
704/708 to the connection region 710 of the flex circuit 716
such that electrical signals may be communicated between
the components 702/704/708 and the connection region 710
of the flex circuit 716. For example, 1in the embodiment of
the active optical component subassembly 700 of FIG. 7, the
optical transmitter 702, the spacer/heat spreader 704, and the
monitor PD 708 may be electrically coupled to either the top
component contacts 804 and/or the bottom component con-
tacts 802. The optical transmitter 702, the spacer/heat
spreader 704, and the momitor PD 708 may communicate
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clectrical signals through the connection region 710 of the
flex circuit 716 to a corresponding PCB and/or vice versa.

With combined reference to FIGS. 2D and 8, the PCB flex
connection 218 can 1nclude the top PCB flex connection 806
and the bottom flex connection 808. The top PCB flex
connection 806 and the bottom PCB flex connection 808
may enable the communication of electrical signals from a
PCB to a flex circuit and vice versa.

The general electrical configuration and general electrical
capability/interface of a COF OSA may be determined by
the configuration of conductive elements of a flex circuit. To
illustrate, 1n FIG. 8 an example electrical path 1s described.
A first electrical path can begin at a first connector 814. The
first connector 814 1s one electrical contact of the bottom
PCB connection 808. Note, when assembled with the top
conductive element 800 layered on top of the bottom con-
ductive clement 824, the first connector 814 would align
with a contact 822 1n the top PCB connection 806. However,
the aligning contact 822 1s not electrically connected to
anything. Thus, an electrical signal itroduced on the first
connector 814 or the aligning contact 822 may follow the
first electrical path as described herein.

The first connector 814 can be electrically coupled to a
PCB enabling the communication of electrical signals with
the PCB. In this example, first connection 814 may receive
an electrical signal from the PCB. The electrical signal
received from the PCB can be commumnicated through the
bottom conductive length 810. In this example, the electrical
signal may be communicated through the portion of the
bottom conductive length 810 connecting the first connector
814 to a second connector 816. When assembled, a portion
of an insulator layer may be disposed between the bottom
conductive length 810 and the top conductive length 812 to
prevent the electrical signal from being commumicated to the
top conductive length 812.

After the electrical signal reaches the second connector
816, 1t may be communicated to a third connector 818 which
1s part of the top conductive element 800. As opposed to the
area between the top conductive length 812 and the bottom
conductive length 810, an insulator layer may not separate
the second connector 816 from the third connector 818.
Alternatively, a physical connector such as a rod may
connect the second connector 816 to the third connector 818.
From the third connector 818, the electrical signal may be
communicated to a component contact 820. The component
contact 820 may be coupled to a wirebond such as one of the
wirebonds 706 that carries the electrical signal to an elec-
trical contact on an optical component, such as the optical
transmitter 702 or the momnitor PD 708 of FIG. 7.

The configuration depicted i FIG. 8 represents an
example configuration. The top conductive element 800 and
the bottom conductive element 824, including the top com-
ponent contacts 804, the top conductive length 812, the top
PCB flex connections 806, the bottom component contacts
802, the bottom conductive length 810, and the bottom PCB
flex connection 808 may take various configurations as
required by the particular application and the components
included 1n an active optical component subassembly.

Additionally or alternatively, a flex circuit may include a
single conductive element or multiple conductive elements,
and/or the flex circuit may be configured as a waveguide.
For example, 1n some embodiments, the top conductive
clement 800 and/or the bottom conductive element 824 can
be configured as a radio frequency (“RF”’) waveguide. In this
configuration, the flex circuit can carry RF signals via the
top conductive element 800 and/or the bottom conductive

element 824 to and trom the COF OSA. In these and other
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embodiments, the RF performance may be better than OSAs
that use a TO can because the flex circuit removes the need
of feeding one or more RF pins through the TO can which
may eliminate and/or reduce electrical discontinuities com-
pared to a TO can with RF pins.

FIG. 9 illustrates an example heat sink stiffener 900. The
heat sink stiffener 900 may correspond to the heat sink
stiffener 718 of FIG. 7 and/or the heat sink stiffener 216 of
FIGS. 2A-3. Generally, the heat sink stiffener 900 may be
composed at least partially of a thermally conductive mate-
rial such as copper and/or aluminum. The copper and/or
aluminum may be mixed with other materials 1 some
embodiments.

The heat sink stiffener 900 may have a substantially
rectangular footprint with rounded corners 902 as depicted
in FIG. 9. In alternative embodiments, the heat sink stiffener
may have a footprint with an alternative shape. Alternately
or additionally, the heat sink stiflener 900 can be substan-
tially flat on a contact face 904.

Functionally, the heat sink stiffener 900 can act as a heat
sink for a COF OSA, such as the COF OSA 200 of FIGS.
2A-2D. The thermal energy generated through operation of
the COF OSA may be transferred to the heat sink stiffener
900. The transter of thermal energy to the heat sink stiffener
900 1n embodiments of a COF OSA as described herein may
improve performance of the COF OSA and/or may increase
the life of the COF OSA compared to OSAs with conven-
tional TO cans.

An additional or alternative function of the heat sink
stifflener 900 may be to stiflen a tlex circuit during assembly
of a COF OSA. Specifically, the heat sink stiffener may
support a corresponding flex circuit, which may be pliable as
described above, during a mounting or attaching of other
components.

Alternately or additionally, the heat sink stiffener 900 may
include a physical connection such as a rod or set of rods.
Each rod or set of rods may couple one or more components
included 1n an active optical component subassembly to the
heat sink stiffener 900. For example, with combined refer-
ence to FIGS. 7 and 9, the spacer/heat spreader 704 may
include a thermal contact that coincides with the physical
connection of the heat sink stiffener 718. In this example, the
physical connection can be positioned on the contact face
904. The physical connection may extend through the flex
circuit 716 to ensure or augment the transier of thermal
energy to the heat sink stiffener 718.

As discussed throughout, a COF OSA generally includes
a flex circuit, various components included in an active
optical component subassembly, and an optical port. The
flex circuit may be constructed of layers which include
conductive layers and insulator layers. The components can
be mounted, electrically and mechanically, to the flex circuit
and disposed within the optical port. sweet

FIGS. 10A-10D 1illustrate an example construction pro-
cess of an array of COF OSAs. The construction process
includes intermediate structures 1000A-1000D. Specifically
FIG. 10A 1illustrates a first intermediate structure 1000A
including multiple layers (1002, 1004, 1006, 1018, and
1008) that may be included an array of flex circuits. FIG.
10B 1llustrates a second intermediate structure 10008
including an array of completed flex circuits. FIG. 10C
illustrates a third itermediate structure 1000C including an
array of completed flex circuits with active optical compo-
nent subassemblies 1012 mounted on the completed flex
circuits. FIG. 10D illustrates a fourth intermediate structure
1000D including an array completed flex circuits with the
optical ports 1016 further mounted on the completed flex
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circuits and with the active optical component subassem-
blies positioned within the optical ports. From the fourth
intermediate structure 1000D depicted 1 FIG. 10D, 1ndi-
vidual OSAs may be cut. The fourth mtermediate structure
1000D depicted 1n FIGS. 10A-10D may produce ten COF

OSAs. However, this 1s not meant to limit the scope of the
invention. The number of COF OSAs the fourth intermedi-
ate structure 1000D may produce can be more than ten or
tewer than ten.

The construction process depicted in FIGS. 10A-10D 1s
shown for an embodiment of COF OSAs similar to those
depicted 1in FIGS. 2A-2D, and SA-9. However, this 1s not

meant to be limiting. The construction process of FIGS.
10A-10D may be applied to other types of COF OSA
embodiments. Specifically, the construction process of
FIGS. 10A-10D may be performed for the COF OSAs 300
and 400 depicted in FIGS. 3 and 4 as well as embodiments
that include WDM components.

Referring now to FIG. 10A, the first intermediate struc-
ture 1000A 1s illustrated with multiple component layers
1002, 1004, 1006, 1018, 1008, and 1010 exploded from one
another. The component layers can include a top cover 1002,
a top metal 1004, a core 1006, a bottom metal 1018, a
bottom cover 1008, and a perimeter-mounting structure
1010. The top cover 1002, the core 1006, and the bottom
cover 1008 may be insulator layers (collectively, insulator
layers 1002/1006/1008). The top metal 1004 and the bottom
metal 1018 may be conductive layers (collectively, conduc-
tor layers 1004/1018). The insulator layers 1002/1006/1008
may be composed of materials that do not conduct electricity
and are at least partially pliable. Example materials that may
be included 1n the insulator layers 1002/1006/1008 are listed
with reference to FIGS. 2A-2D. The insulator layers 1002/
1006/1008 can 1solate conductive layers 1004/1018 to pre-
vent or limit electrical signals from being inadvertently
conducted between conductive layers 1004/1018 or from
conductive layers 1004/1018 externally. Additionally, the
insulator layers 1002/1006/1008 may contribute to the flex-
ibility and overall support of a flex circuit.

The insulator layers 1002/1006/1008 are generally larger
than just COF OSAs. For example, referring to the top cover
1002, a top cover boarder 1022 surrounds the portion of the
top cover 1002 included in the COF OSAs. The insulator
layers 1002/1006/1008 similarly include material that sur-
rounds the portion 1included 1n the COF OSAs (collectively
“borders™). The boarders adhere to the perimeter-mounting
structure 1010 (discussed below) 1n some embodiments.

The conductive layers 1004/1018 may substantially
define the top conductive element and the bottom conductive
clement of a flex circuit, such as the top conductive element
800 and the bottom conductive element 824 depicted 1n FIG.
8. The top metal 1004 and the bottom metal 1018 are
depicted as a single conductive element 1024 A or 1024B 1n
FIG. 10A. Each single conductive element 1024A, 10248

represents an electrical configuration that 1s repeated for
cach COF OSA.

The perimeter-mounting structure 1010 1s not a layer
included in the finished COF OSAs. Instead, the perimeter-
mounting structure 1010 may be included during the

example construction process to support the msulator layers
1002/1006/1008 and the conductive layers 1004/1018.

When the COF OSAs are cut from the array 1000A, the
perimeter-mounting structure 1010 may be reused during a
subsequent construction process.

The top cover 1002, the top metal 1004, the core 1006, the
bottom metal 1018, the bottom cover 1008, and the perim-
eter-mounting structure 1010 may be epoxied or otherwise
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connected together to create the second intermediate struc-
ture 10008 which 1s an array of completed tlex circuits.
The second intermediate structure 1000B 1s depicted in
FIG. 10B. The second intermediate structure 1000B further
includes multiple heat sink stiffeners 1020. Only one of the
heat sink stiffeners 1020 is labeled 1n FIG. 10B. The heat
sink stifleners 1020 can be substantially similar to the heat
sink stiflener 800 1n FIG. 8, for example. Each of the heat
sink stiffeners 1020 can be attached as a support mechanism.
For example, the conductive layers 1004/1018 and the
insulator layers 1002/1006/1008 can be substantially pliable,
thus the heat sink stiffeners 1020 can support the conductive
layers and the insulator layers during the mounting of the
active optical component subassemblies 1012 1n FIG. 10C.
The third intermediate structure 1000C depicts the mount-
ing of the active optical component subassemblies 1012 to
cach of the COF OSAs. There may be at least two example
sub-processes for mounting of the active optical component
subassemblies 1012. Specifically, a flex circuit may include

a connection region opening defined by the top cover 1002,
the top metal 1004, the core 1006, the bottom metal 1018,
and the bottom cover 1008. In these embodiments, the active
optical component subassembly 1012 can be mounted
directly to the heat sink stiffener 1020. When the active
optical component subassembly 1012 1s mounted to the heat
sink stiflener 1020, thermal energy may transier to the heat
sink stiffener 1020 without moving through the first tlex
circuit 1024 A.

Alternatively, a tlex circuit may include a solid connection
region. In these embodiments, the flex circuit 1s athxed or
otherwise attached to the heat sink stiffener 1020. The active
optical component subassembly 1012 1s then mounted to the
solid connection region.

The construction process can additionally include mount-
ing ol the optical ports 1016 as depicted 1n the fourth
intermediate structure 1000D 1n FIG. 10D. In FIG. 10D,
only one of the optical ports 1016 1s labeled. The optical
ports 1016 can be mounted at the flex connection as
described with reference to FIG. 2A.

Some advantages of the embodiments of the construction
process described herein may include, but are not limited to,
simultaneous manufacture/assembly of an array of COF
OSAs, the ability to concurrently and/or simultaneously
burn-in and/or otherwise test the COF OSAs, or the like or
any combination thereof. Alternately or additionally, some
embodiments described herein may dispense quick cure tack
and/or structural adhesive 1 a single step for securing
separate parts together.

FIG. 11 1s a flow chart of an example method 1100 of
constructing an array of chip on flex optical subassemblies,
arranged 1n accordance with at least some embodiments
described herein. The method 1100 may begin at 1102 by
epoxying a top cover, a top metal, a core, a bottom metal,
and a bottom cover to create an array of flex circuits.

At 1104, heat sink stiffeners may be attached to each of
the flex circuits 1n the array of flex circuits. At 1106, active
optical components subassemblies may be electrically
coupled to each of the flex circuits in the array of flex
circuits.

At 1108 optical ports may be mounted to each of the flex
circuits 1n the array of flex circuits such that the active
optical component subassemblies are positioned within a
barrel cavity defined by the optical ports.

One skilled 1n the art will appreciate that, for this and
other procedures and methods disclosed herein, the func-
tions performed i1n the processes and methods may be
implemented 1n differing order. Furthermore, the outlined
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steps and operations are only provided as examples, and
some of the steps and operations may be optional, combined
into fewer steps and operations, or expanded 1nto additional
steps and operations without detracting from the disclosed
embodiments. For instances, the method 1100 may further
include simultaneously conducting a burn-in procedure on
the array ol chip on tlex optical subassemblies.

Additionally or alternatively, the method 1100 may
include epoxying a perimeter-mounting structure configured
to support borders of the top cover, the top metal, the core,
the bottom metal, and the bottom cover during construction
of the array of chip on flex optical subassemblies. Addition-
ally or alternatively, the method 1100 may include mechani-
cally coupling the active optical component subassemblies
to each of the flex circuit in the array of flex circuits or to
cach of the heat sink stifleners. Additionally or alternatively,
the method 1100 may include cutting individual chip on flex
optical subassemblies from the array of chip on tlex optical
subassemblies.

The present invention may be embodied 1n other specific
forms without departing from 1ts spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as 1llustrative and not restrictive. The scope
of the invention 1s, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What 1s claimed 1s:

1. An optical subassembly comprising;

a flex circuit that includes a printed circuit board (PCB)
flex connection and a flex connection, wherein the PCB
flex connection 1s included on a first portion of the flex
circuit that 1s opposite a second portion of the flex
circuit that includes the flex connection;

an optical port that defines a fiber recerver and a barrel
cavity, the optical port being mechanically coupled to
the tlex circuit at the flex connection on a first surface
of the flex circuit;

an active optical subassembly positioned within the barrel
cavity and located on the first surface of the flex circuat,
wherein the active optical subassembly includes at least
one active optical component that 1s mechanically
coupled directly to the flex circuit and i1s aligned
relative to the fiber receiver; and

a heat sink stiffener located on a second surface of the flex
circuit opposite the active optical component subas-
sembly and located on the second portion of the flex
circuit, the heat sink stiffener being configured to stiffen
the second portion of the flex circuit and act as a
thermal sink for at least a portion of heat generated
during operation of the active optical subassembly,

wherein the first portion including the PCB flex connec-
tion 1s unsupported by the heat sink stiffener and 1is
configured to communicate electrical signals between a
host system and the active optical subassembly.

2. The optical subassembly of claim 1, wherein the active

optical subassembly further includes:

an optical transmitter configured for conversion of elec-
trical signals to optical signals; and

a monitor photodiode,

wherein the optical transmitter and the monitor photo-
diode are positioned entirely within the barrel cavity.

3. The optical subassembly of claim 2, wherein:

the active optical subassembly further includes a spacer/
heat spreader;
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the spacer/heat spreader 1s positioned between the optical
transmitter and the tlex circuit or 1s positioned between
the optical transmitter and the heat sink stiflener;

the spacer/heat spreader 1s electrically coupled to the tlex
circuit; and

the spacer/heat spreader 1s configured to transfer thermal
energy generated during operation of the optical trans-
mitter to the heat sink stiffener.

4. The optical subassembly of claim 3, wherein:

the barrel cavity houses a plate through which an optical
signal passes, and

the plate 1s fixed to the optical port and positioned
between the active optical component and the fiber
receiver.

5. The optical subassembly of claim 1, wherein the active

optical component subassembly 1ncludes:

an amplifier that 1s directly mechanically coupled to the
flex circuit; and

an optical recerver that 1s positioned on the amplifier and
aligned with the fiber recerver.

6. The optical subassembly of claim 5, wherein the optical
receiver includes a PIN photodiode or an avalanche photo-
diode (“APD™).

7. The optical subassembly of claim 1, wherein the flex
connection includes an electrically insulating connection
between the optical port and the flex circuit to prohibit
transier of electrical signals between the optical port and the
flex circuit and that aids 1n suppressing electromagnetic
radiation (“EMR”) that results from operation of the an
active optical subassembly.

8. The optical subassembly of claim 1, wherein the optical
port includes a plurality of side faces that are perpendicular
to the tlex circuit.

9. An optical subassembly comprising;:

a flex circuit constructed of at least one electrically-
conductive layer and at least one electrical insulator
layer, wherein the flex circuit includes a printed circuit
board (PCB) flex connection and a flex connection, and
the PCB flex connection 1s included on a first portion of
the flex circuit that 1s opposite a second portion of the
flex circuit that includes the flex connection;

an optical port defiming a barrel cavity and a fiber receiver
configured to receive an optical fiber, wherein the
optical port 1s mechanically coupled to the tlex circuit
at the flex connection on a first surface of the flex
circuit;

an active optical component subassembly that 1s posi-
tioned within the barrel cavity and that includes at least
one active optical component that 1s mechanically
coupled directly to an optical component subassembly
connection region of the flex circuit; and

a heat sink stiffener located on a second surface of the flex
circuit opposite the active optical component subas-
sembly and located on the second portion of the tlex
circuit, the heat sink stiffener being configured to stitlen
a second portion of the flex circuit and being configured
to act as a thermal sink for at least a portion of heat
generated during operation of the active optical subas-
sembly,

wherein the PCB flex connection 1s unsupported by the
heat sink stiffener and 1s configured to communicate
clectrical signals between a host system and the active
optical subassembly.

10. The optical subassembly of claim 9, wherein the flex

circuit comprises:

a top cover on which the optical port 1s mechanically
coupled, the top cover including an isulator layer;

10

15

20

25

30

35

40

45

50

55

60

65

20

a core that 1s another isulator layer;

a bottom cover to which the heat sink stiffener 1s mechani-
cally coupled;

a top conductive element that 1s positioned between the
top cover and the core; and

a bottom metal conductive layer that 1s positioned
between the core and the bottom cover.

11. The optical subassembly of claim 9, wherein the active

optical component subassembly includes:

an amplifier that 1s directly mechanically coupled to the
flex circuit; and

an optical receiver that 1s positioned on the amplifier and
aligned with the fiber recerver.

12. The optical subassembly of claim 11, wherein the
optical recerver includes a PIN photodiode or an avalanche
photodiode (“APD”).

13. The optical subassembly of claim 9, wheremn the
active optical subassembly includes:

an optical transmitter that 1s aligned with the fiber
receiver; and

a spacer/heat spreader that 1s directly electrically coupled
to the flex circuit and mechanically attached to one of
the flex circuit or the heat sink stiffener, the spacer/heat
spreader 1s configured to dissipate at least a portion of
thermal energy generated during operation of the opti-
cal transmitter to the heat sink stiffener.

14. The optical subassembly of claim 13, wherein:

the flex circuit defines at least one opeming; and

the spacer/heat spreader directly contacts the heat sink
stiffener such that thermal energy is transierred without
moving through the flex circuait.

15. The optical subassembly of claim 13, wherein the
spacer/heat spreader includes a film resistive element con-
figured for raising and lowering temperature of one or more
components of the active optical subassembly.

16. An optical subassembly comprising:

a flex circuit constructed of at least one electrically-
conductive layer and at least one electrical insulator
layer, wherein the flex circuit includes a printed circuit
board (PCB) flex connection and a flex connection, and
the PCB flex connection 1s included on a first portion of

the flex circuit that 1s opposite a second portion of the
flex circuit that includes the flex connection;
an optical port defining a barrel cavity and a fiber receiver
configured to receive an optical fiber, the optical port
being mechanically coupled to the flex circuit at the
flex connection:
an active optical component subassembly that 1s posi-
tioned within the barrel cavity, wherein the active
optical component subassembly includes:
a spacer/heat spreader that 1s directly electrically
coupled to a connection region of the tlex circuait;
a monitor photodiode (*“PD”’) that 1s directly electrically
coupled to the connection region and 1s athxed to a
top surtace of the spacer/heat spreader; and
an optical transmitter aflixed to the top surface of the
spacer/heat spreader and directly electrically coupled
to the connection region; and
a heat sink stiffener located on a second surface of the flex
circuit opposite the active optical component subas-
sembly and located on the second portion of the flex
circuit, wherein the heat sink stiffener 1s configured to
stiflen the second portion of the flex circuit and act as
a thermal sink for heat generated during operation of
the optical transmutter,
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wherein the PCB flex connection 1s unsupported by the
heat sink stiffener and 1s configured to communicate
clectrical signals between a host system and the active
optical subassembly.

17. The optical subassembly of claim 16, further com- 5
prising a plate fixed to the optical port and positioned within
the barrel cavity between the optical transmitter and the fiber
receiver.

18. The optical subassembly of claim 17, wherein the
plate 1s configured to allow optical signals transmitted by the 10
optical transmitter to pass through an first surface of the
plate and subsequently through an opposing second surface
of the plate.

19. The optical subassembly of claim 16, wherein the fiber
receiver 1s oriented perpendicular to the flex connection of 15
the flex circuait.
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